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 It is certain that a higher serum uric acid 
level increases the risk of gout. Many die-
tary factors raise the serum uric acid level, 
such as alcohol, seafood, and meat, whereas 
dairy intake reduces it. Th ere is now sub-
stantial evidence that higher  fructose 
intake also increases the serum uric acid 
level and increases the risk of gout. 1,2 How-
ever, it is unclear whether fructose, the 
predominant sweetener in sugar- sweetened 
beverages such as sodas, has other 
 important health consequences. 
 Much of the debate around the role of 
fructose involves the potential impact of 
serum uric acid on blood pressure. A 
higher serum uric acid level is associated 
with an increased risk of hypertension in 
younger individuals, but it is unclear 
whether the uric acid is causal or simply a 
marker. Th ere are persuasive animal data 
about the potential harmful eff ect of uric 
acid on vascular function and blood pres-
sure, but the importance in humans 
remains to be determined. In fact, several 
lines of evidence suggest that uric acid may 
be only a marker for hypertension risk in 
humans. For example, reducing uric acid 
levels in humans either with recombinant 
uricase or with probenecid does not 
improve vascular function, in contrast to 
animal studies. 3,4 Furthermore, the pros-
pective association between fructose 
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intake and gout and that between fructose 
intake and hypertension are greatly dis-
similar ( Figure 1 ). Th is was demonstrated 
by the strong association between fructose 
intake and risk of gout in a large male 
cohort. However, a prospective study in 
this same male cohort and two large female 
cohorts, involving more than 200,000 
individuals and over 57,000 incident cases 
of hypertension, found no association 
between fructose intake and risk of inci-
dent hypertension. 5 In addition, a signifi -
cant  associat ion b e t we en  s o d a 
consumption and hypertension was 
found for both sugar-sweetened and arti-
fi cially sweetened beverages, 6 suggesting 
a mechanism not related to the sweetener. 
Th us, at present, it does not seem likely 
that fructose intake infl uences the risk of 
hypertension in humans. 
 The inverse cross-sectional relation 
between serum uric acid and renal func-
tion has been known for decades, but 
recent studies also suggest that higher uric 
acid levels may predict the subsequent loss 
of renal function, though not necessarily 
with chronic kidney disease. 7 Although 
animal data suggest a potential causal rela-
tion, the human data to date support only 
a possible association. 
 Bomback and colleagues8 (this issue) 
now report on a study examining the rela-
tion between sugar-sweetened soda con-
sumption and hyperuricemia and chronic 
kidney disease (CKD). Th ey believed that 
hyperuricemia was  ‘ a causal intermediate 
in the association of sugar-sweetened soda 
consumption and CKD, ’ so they analyzed 
these outcomes separately. Th ey used the 
well-known and high-quality Atheroscle-
rosis Risk in Communities study (ARIC), 
involving more than 15,000 white and 
black adults in the United States. As 
expected, the baseline cross-sectional 
study found that individuals with higher 
sugar-sweetened soda consumption were 
signifi cantly more likely to meet the crite-
ria for hyperuricemia. Th e fi ndings are 
consistent with previous reports, including 
those from the National Health and Nutri-
tion Examination Survey (NHANES). 2 
Bomback  et al. 8 also found a marginal 
association between higher soda con-
sumption and prevalent CKD (estimated 
glomerular fi ltration rate   <  60  ml / min per 
1.73  m 2 ). However, in the longitudinal 
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analyses, there was no association between 
sugar-sweetened soda consumption and 
development of hyper uricemia or CKD. 
We believe that the apparently contradic-
tory fi ndings for both hyperuricemia and 
CKD can be readily explained. 
 The disparate findings for hyperuri-
cemia may be due to several factors. It is 
important to note that hyperuricemia is 
not a disease; serum uric acid values can 
fl uctuate over time as a result of diet and 
other factors. Because fructose-containing 
beverages are known to increase serum 
uric acid over a relatively short period of 
time, this is one potential explanation for 
the signifi cant association in the cross-
sectional analysis. For the follow-up com-
ponent, it was not reported whether soda 
consumption was consistent over time, 
and the authors did not update the expo-
sure information. Th us, there was likely a 
depletion of participants who were con-
suming sugar-sweetened beverages and 
thus susceptible to the uric acid-raising 
eff ects of fructose. More than 34 % of par-
ticipants developed hyperuricemia during 
follow-up, yet no association was observed 
for soda, which emphasizes the impor-
tance of the large number of other factors 
that can raise serum uric acid. A more 
convincing approach would have been to 
examine participants who changed their 
soda intake and to analyze whether their 
risk of hyperuricemia changed. Another 
possible explanation of the discrepant 
fi ndings is medication use. Although the 
authors adjusted for hypertension, they 
did not have information on antihyper-
tensive medications, such as diuretics, that 
could lead to increases in uric acid and 
creatinine. If there were diff erential use 
according to soda consumption, this 
would introduce spurious associations. 
 Th e apparent contradiction between the 
fi ndings for prevalent and for incident 
CKD can also be explained. As is men-
tioned above for hyperuricemia, the 
potential impact of change in soda con-
sumption and diff erential medication use 
may have also played a role in the CKD 
results. In addition, survival bias may have 
infl uenced the fi ndings. A previous study 
of this same cohort found that higher 
serum uric acid level was associated with 
an increased risk of developing CKD dur-
ing follow-up. 9 Because Bomback  et al. 8 
hypothesized that uric acid was the  ‘ causal 
intermediate, ’ it would be expected that if 
there were no association between soda 
consumption and the development of 
hyperuricemia, there would be no asso-
ciation with the development of CKD. 
 Given the large sample size and number 
of outcomes, the study had sufficient 
power to detect relevant associations. 
Whenever a study is null, it is essential to 
consider whether an important associa-
tion was missed. Dietary studies are dif-
fi cult to analyze because of the long list of 
potential confounders and eff ect modifi -
ers. Th e authors adjusted for potentially 
important factors such as caffeine and 
alcohol, but the categories were crude and 
the association with uric acid may vary by 
alcoholic beverage type. 10 Other sources 
of fructose were not analyzed. As noted by 
the authors, the lack of information on 
lead exposure, known to be associated 
with hyperuricemia and renal dysfunc-
tion, is also potentially important. Given 
the demonstrated large negative con-
founding aft er multivariate adjustment, 
perhaps other confounders were not ade-
quately assessed. 
 Th e participants in the ARIC study may 
not be representative of the US  population, 
so the fi ndings may not be generalizable. 
Th e rate of hyperuricemia was higher than 
expected, and the prevalence and inci-
dence of CKD were lower than expected. 
Th e authors state that the older age of their 
cohort may explain this but then cite a 
similar prevalence in a middle-aged 
cohort; unfortunately, the study they ref-
erence was a study that included ARIC. 
Given that the diagnosis of CKD is based 
on serum creatinine, and all the partici-
pants had a baseline and follow-up 
creatinine measurement, it is not clear 
why the authors felt that CKD had 
been underdiagnosed. 
 Sugar-sweetened beverages can raise 
serum uric levels and increase the risk of 
gout. It is uncertain whether they raise the 
risk of CKD, and more long-term studies 
on diet and risk of CKD are needed. 
Regardless of the fi ndings of future stud-
ies, given the demonstrated adverse eff ects 
of such beverages on health and the lack 
of any health benefi t, there is overwhelm-
ing evidence to avoid them. 
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 Figure 1  |  Multivariable relative risks for fructose intake and incident gout and hypertension 
in the Health Professionals Follow-Up Study. 1,5 
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